A label-free and specific sensor for streptavidin-agarose (SA) was fabricated based on functionlized terahertz metamaterial. Both low and high frequency resonant modes from the metamaterials are found applicable for the detection of SA.
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Plasmonics on metal nanoparticle arrays on metal films, Ji w on L e e 1 , Seungyoung Park 1 , Hyunhyub Ko 1 ; 1 Nano-Bioscience and Chemcial Engineering, Ulsan National Inst. of Science and Technology (UNIST), Republic of Korea. We investigated surface-enhanced Raman scattering (SERS) effects on high-density gold nanostar arrays on various metal and dielectric substrates and demonstrated how the interparticle separations affect the E-field enhancements from the interparticle and particle-film plasmon couplings. 
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Introduction
The surface-enhanced Raman scattering (SERS) effect is dominated by the localized plasmon modes created by strong electromagnetic coupling between adjacent metallic objects in a nanoscaled dimension. Hence, preparation of ordered nanostructures with evenly plasmonic field distribution and ideal enhancement factors is a key issue. We have recently developed a convenient nanofabrication process to prepare a tunable silver nanoarray as a SERS sensor using the end of anodized titanium oxide nanotubes as template. The as-prepared samples retain an excellent Raman-enhancement characteristic and could be used as producible and reliable SERS sensor particularly in the high sensitivity biological detections or integrated to the bio-detection chips as an essential part of such optofluidic devices [1] . 
Experimental Details
All chemicals including Rhodamine 6G (R6G) were analytical grade purchased from Sigma-Aldrich (St. Louis, MO, USA) and used without any further purification. All the solutions were prepared with demineralized and filtered water. The anodization of titanium foil was carried out to fabricate ordered titanium oxide nanotubes. And then the nanotubes were peeled off and transferred to a flat substrate. The silver film was deposited on the top of the nanotube ends by DC magnetron sputtering. The deposited Ag film naturally forms an array of metallic arrays. The whole process was illustrated in Fig.1 . The titanium oxide nanotube fabrication process is as follow: Titanium foils (99.6% purity10×10×1 mm 3 ) were chemically polished with a solution containing H 2 O, HF and HNO 3 with a volume ratio of 5:1:4 for 5 min to remove the native surface oxide layer and then ultrasonically cleaned with acetone, ethanol, and deionized water sequentially. Anodization reaction was carried out in a conventional two-electrode cell equipped with a direct current (DC) power supply (IT6834, ITECH, China). The Ti foil served as the anode electrode and a graphite foil as the counter electrode (1 cm separation). The electrolyte was ethylene glycol containing 0.3 wt % ammonium fluoride (NH 4 F) and 5 vol % distilled (DI) water. Anodization was conducted at a temperature of 298 K and different voltages (20, 40, and 60 V) for various time (10, 4, and 1 h) to prepare different diameter nanotubes with micro thickness. After anodization, the samples were rinsed with DI water and methanol several times and immersed in methanol solution containing 20 vol % chemical polished solutions for 30 seconds immediately. Afterwards, the specimens were fetched out and washed by water and ethanol for several times respectively and adhered on viscous substrate with front face after sucking the absorbed water, then the film was attached on the substrate and the closed end tube was exposed. The silver film deposition is carried out in a conventional DC magnetron sputtering system. The local electromagnetic fields were calculated using the commercial finite-difference time-domain (FDTD) software (FDTD Solutions 6.5, Lumerical Solutions Inc.). The model consisted of a periodical structure with six hexagonally arranged hemispherical dots. The hemisphere radius is 50 nm, 60 nm and 75 nm. The 633 nm laser was assumed to impact the sample surface normally. Raman scattering was performed on a Renishaw inVia micro-Raman spectra system with the 633 nm laser line at 20 o C. The laser spot was about 1 µm in diameter with a 100x objective lens. The performance of the SERS substrate was assessed by using R6G as the molecular probe at an incident power of 0.04 mW for a cumulative time of 50 s.
Results and Discussion
The typical raw titanium oxide nanotubes image is shown in Figure 2a . The perfect self-organized growth during anodic oxidation provides good control of the nanostructure arrangement but only occurs at certain anodic voltages [2] . Here, 20 V, 40 V and 60 V were engaged to prepare nanotubes and 90 nm silver thin films were deposited on these templates by DC magnetron sputtering to format silver dot arrays, respectively. One of the advantages with such a technique is that the ultimate gap between two silver dots can be tuned by the control of the deposition time, that is, using the same structure, different gap sizes can be obtained, which can not realize in the conventional liftoff process. Fig. 2 b, c and d show the FESEM images of the nanostructures film with different nanodot sizes by deposition of Ag films in 360 second. And the thin film thickness is estimated to 90 nm.
An ideal hemispherical top array model is constructed for the FDTD simulation which has been verified to be a very useful tool for the study of the electromagnetic properties of metallic nanostructures. To evaluate the local electromagnetic fields at an excitation wavelength of 633 nm, FDTD calculations are performed and the contour plot of the electromagnetic near-field distribution is presented in Fig. 3 a, b and c. Orderly hot spots exist near the interstitial areas of the silver dots. Here, the dot size or the gap between the dots contributes primarily to the local electric field enhancement thereby leading to excellent SERS performance. The sample of 60 nm radius at 40 V shows the highest local EM enhancement.
To experimentally evaluate the Raman performance, a 10 -6 M aqueous stock solution of R6G is used and the Raman spectrum is shown in Fig. 3d . The 633 nm excitation wavelength is chosen to reduce fluorescence interference caused by fluorescence quenching and enhancement [3] . The characteristic peaks of R6G can be observed from the plots. The salient peaks at 1365, 1510, 1578, and 1652 cm−1 can be assigned to the totally symmetric modes of in-plane C-C stretching vibrations. The experimental results are consistent with the simulation results described previously, suggesting a high density of hot spots in the hexagonal island-like structures. 
Conclusion
In brief, an unconventional nanofabrication process is introduced to prepare silver nanodot arrays templated by the ends of anodized titanium oxide nanotubes as surface-enhanced Raman scattering substrate. The tunable silver nanodot arrays were achieved by adjusting anode voltages and DC magnetron sputtering time successfully. The asprepared substrates retain an excellent Raman-enhancement characteristic and then could be used reliable in trace detection of biological molecules.
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